Abstract -Electricity is the basic building block of economic development, and constitutes one of the vital infra-structural inputs in socio-economic development. The demand for electricity has been increasing due to extensive urbanization, industrialization, and a rise in the standard of living, as is the case with residential electricity consumption. This paper attempts to estimate the consumer surplus and the economic value of the residential consumption of electricity in Seoul to assist in decision-making in electricity management. The estimated consumer surplus represents the value of the area under the demand curve, above the actual price that is paid for residential electricity consumption. The estimated annual consumer surplus and economic value for the year 2005 amount to 2,144.7 and 3,727.4 billion won, respectively. The estimates per kWh were 184.9 and 316.0 won, respectively, which imply that the consumer surplus and the economic value of residential electricity consumption significantly outweigh the average price of electricity in 2005 of 91.1 won per kWh.
Introduction
Electricity is the basic building block of economic development, and constitutes one of the vital infrastructural inputs in socio-economic development. The demand for electricity has been increasing due to extensive urbanization, industrialization, and a rise in the standard of living (BP, 2011) , as is the case with residential electricity consumption in Seoul, the capital of Korea. The residential electricity consumption of Seoul has grown at an average annual rate of 4.9% during [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] . A number of studies that have been conducted in the context of a country such as Korea, as well as in international contexts, reveal that electricity consumption leads to economic growth (e.g., Ferguson et al., 2000; Yoo, 2005) . Thus, to enhance economic growth and the standard of living, efforts have been made to increase investment in electricity supply and overcome the constraints on electricity consumption in not only developing countries but also developed countries.
Information on the economic value of electricity is useful for decisions in electricity management. First, in structural approaches to electricity management, estimates of the value inform investment decisions. This is because nations continue to make investments in electricity resources, which constitute one of the most important components of their budgets for public infrastructure. Economic evaluation is important because it aids in ascertaining whether the public favors proposed projects for electricity supply and in estimating the degree to which it is willing to pay for benefits. In the prevalent context of constrained public budgets, conceptually correct and empirically valid estimates of the economic value of electricity are essential for making economically sound investment decisions.
Another class of decisions for which economic values of electricity are useful is those that evaluate non-structural or policy options. For example, as the demand for electricity grows against a finite supply, estimates of the economic value of electricity are useful in the context of the optimal allocation of electricity between and among electricity-using purposes and sectors. In the case of a supply shortage or outage, electricity users may not be able to obtain all of the electricity they might possibly use; sharing of the limited supply may become a central issue of electricity management.
There are several other non-structural problems regarding electricity policy for which electricity valuations are useful. These include: How much multi-objective dam water should be used to generate hydropower for present needs and how much should be saved for future needs? How much water vs. oil should be used to meet current electricity demands? How much can beneficiaries afford to pay for electricity supplies? For each of these issues, estimates of the economic value of electricity consumption are important.
The purpose of this paper is to provide a framework for understanding the economic value of electricity and to uncover empirical evidence of the value of electricity. More specifically, this paper attempts to estimate the economic value of the residential consumption of electricity in Seoul to assist in decision-making in electricity management. Following the tenets of modern microeconomic theory, the estimate is based on consumer surplus.
Methodology

2-1. The demand curve approach
In the case where a market exists for a good or service, given the price, a consumer determines the quantity that is demanded such that total utility is maximized subject to a budget constraint. Generally, ceteris paribus, changing prices of the good in question will alter the quantity that is demanded. We assume the existence of a smooth, well-defined, continuous function that represents the relationship between the quantity of electricity demanded by a consumer and the price of electricity. Given the possibility of estimating this relationship, a derived demand function can be used as a basis for measuring the value of electricity. A demand curve illustrates the maximum price a consumer would be willing to pay for obtaining any quantity in question. This concept of value has been often described as willingness to pay (WTP) (Willig, 1976) .
As illustrated in Figure 1 , the consumer surplus is the area under the demand curve that lies above the market price or the amount paid by the consumer. If the price, P 0 , represents the market price amount that is actually paid by the consumer of electricity, the resulting quantity that is demanded will be   .
If an actual exchange occurs, the price   represents the exchange value of the last unit. Therefore, for all the units demanded, the consumer surplus is the total value of the area under the demand curve above the market price actually paid as shown in Fig. 1 . In other words, when   units of electricity are consumed at a price   , the economic value of electricity consumed is the sum of the consumer surplus and the actual consumer expenditure.
2-2. Estimation of consumer surplus
To execute integration for estimating the consumer surplus shown in Fig. 1 , the consumer's choke price, defined as the price at which demand is zero, should be computed. However, this computation is almost impossible to implement in the real world because of insufficient data. Therefore, the choke price usually has been assumed through a proxy such as the opportunity cost of using an alternative supply of electricity -an approach that may significantly reduce the reliability of the measured consumer surplus. Accordingly, an alternative methodology for assessing the consumer surplus is worthy of consideration. Alexander et al. (2000) proposed an estimate of consumer surplus that is based on only two values, the revenue from a commodity sales and the price elasticity of demand for a commodity. They applied the estimate to valuing the consumption benefits for professional sports franchises. This study uses the methodology of Alexander et al for estimating the consumer surplus and the economic value of residential electricity consumption.
Let the inverse market demand function be    where , , and  are the price for electricity, the demand for electricity, and a vector containing any other variables that might influence the demand, respectively. This function is assumed to have first and higher-order derivatives. If we suppose that the price and demand are   and   , respectively, and we suppress all arguments barring electricity demand, then Taylor's theorem yields:
Integration of this function from 0 to   and subtraction of the consumer's actual payment,     , yields the consumer surplus () as:
where  is the price elasticity of demand evaluated at   . When the second term on the right-hand side of the second equality in (2) is sufficiently small, the first term is an approximation of the consumer surplus. For example, if the demand function is linear, the consumer surplus is exactly      .
Thus, the following approximation can be derived.
This amount is an upper bound on the consumer surplus when the demand function is strictly convex in price (Alexander et al., 2000) . Equation (3) estimates the value of consumer surplus shown in Figure 1 . Then, the economic value of electricity consumption is calculated by summing up the value of the estimated consumer surplus using equation (3) and the actual consumer expenditure on electricity.
Data and empirical results
3-1. Data
As already discussed above, the measurement of the economic value of electricity consumption involves the estimation of consumer surplus. A key parameter in this estimation is the nature and magnitude of price elasticity at a given demand for electricity. Thus, the measurement of the economic value of the residential electricity consumption crucially depends upon the correct estimation of the price elasticity of demand. Usefully, Yoo et al. (2007) dealt with the residential demand for electricity in Seoul. They gathered data from a survey of households in 2005 and computed the price elasticity of electricity demand as -0.2463, as reported in Table 1 .
We allow for uncertainty by constructing a confidence interval for the estimate of elasticity in lieu of just a point estimate. To this end, the Monte Carlo simulation technique of Krinsky and Robb(1986) is used. This involves simulating the univariate normal distribution of  by using the estimates of the elasticity and its standard error, and generating an empirical distribution Table  1 presents the 95% confidence interval that is obtained by employing 5,000 replications and omitting 2.5 percent of the observations from both tails. This method quantifies and models the uncertainty. It also shows the likely range of elasticity, given the uncertainties that are involved in this type of estimation.
Empirical results
To estimate the economic value of electricity consumption, the estimated consumer surplus is added to the total expenditure for residential electricity consumption. A total of 2,144.7 billion won is the estimated consumer surplus for residential electricity consumption in the year 2005. This value corresponds to 184.9 won per kWh, which is about two times bigger than the price of electricity in 2005 of 91.1 won per kWh. Table 2 shows the results of estimating the consumer surplus and the economic value of electricity consumption in Seoul for the year 2005. The economic value of electricity consumption in 2005 is estimated to be 3,727.4 billion won. This value amounts to 316.0 won per kWh, which is about 3.5 times bigger than the price of electricity in 2005. These figure simply that the consumer surplus and the economic value of residential electricity consumption significantly outweigh the price of electricity. Table 2 also reports 95% confidence intervals for the estimated values.
Concluding remarks
As commonly known, electricity has become the preferred and dominant form of energy for a progressively increasing portion of economic life in industrial economies. It has been a major source of betterment of the standard ofliving, and has played a crucial role in scientific and technological advancement (Rosenberg, 1998) . This paper has attempted to estimate the economic value of residential electricity consumption in Seoul. To this end, it has used the concept of consumer surplus defined as the economic value less the amount that is actually paid by the consumer. In particular, a formula suggested by Alexander et al. (2000) was employed to overcome the complications that are involved in computing the consumer surplus.
The consumer surplus and the economic value of electricity consumption in Seoul for the year 2005 were estimated to be approximately 2,144.7 and 3,727.4 billion won, respectively. The estimates per kWh were 184.9 and 316.0 won, respectively, which are much bigger than the residential price of electricity in 2005 of 91.1 won per kWh. In addition, to allow for any uncertainties involved in the estimation, the 95% confidence intervals for the estimated consumer surplus and the economic value were computed. The estimated values can be used for the purpose of electricity-related decision-making. Given that residential electricity consumption contributes to the social well-being of Seoul residents, it is essential that electricity be treated as an economic resource and managed under a comprehensive management system with well-defined objectives and goals.
